of Phospholipids on Lipase Activity in Rat Arterial Wall Homogenate. Tohoku J. exp. Med., 1982, 138 (2), 131-137 ----Triolein hydrolyzing activity in homogenates of the rat arterial wall was studied. Two optimal pH values were observed around 5.0 (acid lipase) and 7.0 (neutral lipase). Neutral lipase activity was enhanced by serum and was inhibited by 1 M NaCI but was not inhibited by protamine. Heparin decreased the acid lipase activity. A 1-mM solution of Cu2+ ion and Zn+2 ion decreased both lipase activities. The activities of both acid and neutral lipases were increased by the addition of rat serum (2 yg protein serum/ml) and were decreased by the addition of more than 5 yg protein serum/ml. The activities of neutral and acid lipases were increased by the addition of 0.25 mM phosphatidylcholine and phosphatidylserine. Both lipase activities were decreased by the addition of 0.25 mM phosphatidylethanolamine. The addition of 0.25 mM sphingomyelin increased neutral lipase activity and decreased acid lipase activity. At concentrations higher than 2 mM, these phospholipids decreased the activities of both lipases. These results suggest that at least acid and neutral lipases exist in the arterial wall cells, and their activities might be modified by phospholipids. -acid lipase; neutral lipase; phospholipids; rat arterial wall
. Consequently triacylglycerols of these lipoprotein particles are also catabolized in the arterial wall as well as cholesterol ester. Its precise mechanism is, however, still unknown. In this report, to characterize the lipase in the arterial wall, trioleoylglycerol hydrolizing activity was investigated. The results obtained show that at least two lipase activities exist in rat arterial wall and their activities are strongly affected by phospholipids.
MATERIALS AND METHODS
Chemicals. Glycerol tri- [1-14C] oleate (specific activity 50,uCi/,umole) was purchased from New England Nuclear Co., Boston, USA. Triolein, phosphatidylcholine (pig liver), phosphatidylethanolamine (pig liver), phosphatidylserine (beef brain), and sphingomyelin (pig brain) were obtained from Serday Research Laboratories, Ontario, Canada. Triton x-100 was purchased from Wako Pure Chemicals Co., Ltd., Osaka, Japan.
Preparation of enzyme solution. After fasting for 12 hr, male albino rats of the WistarKing strain, weighing 150-200 g, were killed by decapitation and the aorta from the ascending portion to the bifurcation was quickly removed. The aorta was washed in ice-cold 0.9o NaCI solution and the adventitia was carefully removed. Usually 5 arterial walls were pooled and were cut up with scissors and homogenized with 9 volumes of 0.25 M sucrose, 5 mM Tris-HC1 buffer (pH 7.4) using a Hiscotron (Nichion Co., Funabashi, Japan). The homogenates were centrifuged at 800 x g fo:r 5 min at 4°C, and the resultant supernatant was used as an enzyme solution.
Measurement of lipase activity. Triton X-100-emulsified tri-[14C]oleoyl glycerol was used as a substrate. The reaction mixture contained trioleoylglycerol (225 yg), tri-[14C] oleoylglycerol (0.05 ,uCi), 0.02% Triton X-100, 0.1 M acetate buffer pH 5.0 or 0.1 M potassium phosphate buffer pH 7.0 and the enzyme solution in 200 yl of final volume. Incubation was performed for 60 min at 37°C. Released [14C]oleic acids were extracted by adding 3.25 ml of methanol-chloroform-heptane (1.42:1.25:1), and 1.0 ml of 50 mM borate buffer, pH 10.5, following the method of Belfrage and Vaughan (1969) . The mixture was shaken vigorously and centrifuged at 1000 x g for 10 min. A 1.0 ml aliquot of the upper phase was mixed with 8 ml of Triton-toluene (3:1 by vol.) scintillation fluid, containing diphenyloxazole 10 g/liter and 1,4-bis-[2-(5-phenyloxazolyl)]-benzene 250 mg/liter, and radioactivity was determined by a scintillation counter. The activity was indicated by the amount of released fatty acid per mg protein per hour.
Other methods. The emulsions of phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine, and sphingomyelin were prepared as follows : 10 mg of each phospholipid in 5 ml of 10 mM Tris HCl buffer, pH 7.4, was sonicated for 15 min. Protein concentration was estimated by the metod of Lowry et al. (1965) using bovine serum albumin as a standard. Phospholipid phosphorus was determined by the method of Bartlett (1959) .
RESULTS
The rate of hydrolysis increased linearly up to 75 min (Fig . 1) . In a standard assay, the incubation was performed for 60 min. The lipase activities were proportional to the enzyme solution up to 200 µg protein/ml (Fig. 2) . In the following experiments, 50-100 µg protein/ml of enzyme solution were used .
Influence of pH on lipase activity is shown in Fig. 3 . Two optima were seen around pH 5.0 and pH 7.0. The lipase activities measured at these optima were designated acid lipase and neutral lipase, respectively. As shown in Fig. 4 , as trioleinconcentration increased in reaction mixture, the hydrolysis increased both at pH Table 1 shows the effect of various substances on lipase activity. Both acid and neutral lipase activities were decreased by ZnC12 (1 mM), CuC12 (1 mM), sodium dodecyl sulfate (1 mM), Triton X-100 (0.2%) and 1 M NaCI. Heparin had no effect on neutral lipase activity, but decreased acid lipase activity. Calcium chloride (1 mM), MgC12 (1 mM), CoC12 (1 mM), FeCl2 (1 mM), MnCl2 (1 mM), disodium ethylenediamine tetraacetate (4 mM) and protamine (500 µg/ml) had no effect on either acid or neutral lipase activity. Fig . 1 . Effects of incubation time on lipase activities of the rat arterial wall. A hundred µl of the supernatant from centrifugation at 500 X g for 5 min of 10% homogenate was used as an enzyme solution.
•-•, measured at pH 5.0; .-., measured at pH 7.0. 5 shows the effect of serum on lipase activities. The addition of serum increased the activities of both acid and neutral lipases at low concentrations (up to 2.5 ,ug protein/ml) and decreased both activities at concentrations higher than 5 µg protein/ml.
As shown in Fig. 6 , activities of acid and neutral lipases increased by the addition of low doses of phosphatidylcholine (0.25-0.5 mM) and phosphatidylserine (0.25 mM), but with higher doses, lipse activities were inhibited. Phosphatidylethanolamine lowered the activities of both acid and neutral lipases. Sphingomyelin (0.25-2.0 mM) increased the neutral lipase activity, but decreased the acid lipase activity. 
DISCUSSION
The existence of acid and neutral lipases in the arterial wall is consistent with the pathway proposed by Small (1977) , and Goldstein and Brown (1977) for intracellular cholesterol metabolism in the arterial wall. Pinocytotic triglyceride associated with cholesterol rich lipoprotein, low density lipoprotein might be hydrolyzed by acid lipase in acid area; lysosomes, and re-esterified triglyceride in the cells might be hydrolyzed by neutral lipase in neutral area. Table 1 . Effect of various ions and various substances on lipase activities of rat arterial wall Fig. 5 . rats
Effect os rat serum on lipase activity in rat arterial wall. that had fasted for 24 hr.
Serum was obtained from
Among divalent rations, Cu2+ and Zn2+ ions inhibited both acid and neutral lipase activities. Bustamante et al. (1976) reported high serum levels of Zn2+ and Cu2+ in patients with atherosclerosis. The relationship between triglyceride hydrolysis in the arterial wall and Zn2+ and Cu2+ ions in the plasma must further be pursued.
Both lipase activities were enhanced by a small amount of serum and were decreased by large amounts of it. To clear serum factors which affect the enzyme activity, further study will be required.
Both acid and neutral lipase activities in the arterial wall were increased by the addition of 0.25-0.5 mM phosphatidylcholine and phosphatidylserine. By the addition of phosphatidylethanolamine, neither of the lipase activities was increased. Among the phospholipids deposited in atheromatous lesions, phosphatidylcholine and sphingomyelin are found in the highest concentrations (McCandless and Zilversmit 1956 ). Although the mechanism by which the lipase activities were modified by phospholipids is unknown, phospholipids might play an important role in triglyceride hydrolysis in the arterial wall, as well as the hydrolysis of cholesterol ester as previously reported (Shinomiya et al. 1979 ). Fig . 6 . Effects of phospholipids on lipase activities in the rat arterial wall. Each phospholipid was sonicated as described in the Materials and Methods, and the indicated amount was added to the incubation mixture.
•-., phosphatidylcholine; o---o, phosphatidylserine;
•-., sphingomyelin; o---a, phosphatidylethanolamine. The values represent the mean of triplicate experiments, performed in duplicate.
The standard errors of these values were within 6%. 
